Summary. Hypertensive encephalopathy was induced in the rat by clipping one renal artery and contralateral nephrectomy.
Hypertensive encephalopathy is a syndrome consisting of a sudden elevation of arterial pressure and clinical manifestations such as convulsive seizure, coma and a variety of transient cerebral symptoms.
In histological studies of the brain from rats with the encephalopathy, BYROM (1951) described focal organic lesions including vascular damages in 55 per cent of the cases, leaving 45 per cent showing no abnormalities.
He also demonstrated focal extravasation of trypan blue in the cerebral cortex where the water content was increased.
Most of the leaking areas of the dye did not show organic changes suggesting focal brain edema.
By using colloidal carbon and peroxidase as a tracer, GIACOMELLI et al. (1970) studied changes of vascular permeability in the cerebral vessels in the rats with severe hypertension.
In the cerebral arteries and arterioles exhibiting hyalinization peroxidase passed through endothelial cell junctions and infiltrated into perivascular tissue space, but there was no leakage of peroxidase in capillary trees. OLSSON and HOSSMAN (1970) , on the other hand, reported that in acute severe hypertension leakage of peroxidase occurred in the cerebral capillaries.
In an electron microscope study of the brain in a rat with hypertensive encephalopathy we previously described vasogenic type of brain edema found diffusely not only in the cerebral cortex but also in cerebral medulla, and reported an increase in the number of pinocytotic vesicles in the endothelial cells of the capillaries and venules (ETO et al., 1971) . However, it has not been established whether activated pinocytosis found in this condition participates in the pathogenesis of generalized brain edema by conveying fluid in quanta and/or macromolecules from blood plasma to pericapillary brain tissues.
By using ferritin in comparable size to serum protein as a tracer of capillary or venular permeability, this paper attempts to elucidate the 299 role of pinocytosis on formation of brain edema in rats with hypertensive encephalopathy.
Methods
Female rats of the Wistar-King strain weighing 130-140g were made hypertensive by clipping the left main renal artery with a silver ribbon and by contralateral nephrectomy.
At weekly intervals, their blood pressure was measured by means of the tail-cuff sphygmography.
The rats were used for the experiment when hypertensive encephalopathy became clinically manifest.
Of the 21 rats operated on, 13 animals developed hypertension at the level of about 200mmlg and the symptoms of the encephalopathy occurred within 3 weeks. Eleven of these were used as the experimental group. Twelve rats with unilateral nephrectomy served as controls.
Under sodium amobarbital anesthesia, all the animals in both control and experimental groups were slowly injected with ferritin into the femoral veins via cannulae. The dosis of ferritin used was 0.7ml of 10% cadmium-free solution (NBC, Cleveland, Ohio, U. S. A.) per 100g body weight.
The injected volume was estimated to be under 10% of the blood volume of a rat (FERNANDEZ et al., 1966) . The dosis of ferritin was considered to exert minimal effect on colloidal osmotic pressure of the blood plasma (BRUNS and PALADE, 1968) . Osmolality of ferritin solution measured by a Fiske Osmometer was 270m osmole/kg H2O.
After the injection of ferritin, 3 or 4 rats in each group were killed at a time interval of 15, 60 or 180min.
The skull was opened and a tissue block was carefully removed from the forebrain.
Within 1min after craniotomy the specimens were fixed in ice cold 2% OsO4 in a modified Millonig's phosphate buffer (pH 7.4) for 2hrs, dehydrated in a series of graded ethanol, and embedded in epon epoxy resin (LUFT, 1961) .
Thin sections were cut with glass knives on a Porter-Blum microtome, stained with Millonig's lead tartrate modified by LUFT and examined with a Hitachi HS-7D or a JEOL JEM-7A electrom microscope.
Results

Control group
Ultrastructural features of the cerebral capillaries or venules in control rats were not different from those in normal animals ( Fig. 1 ). Structural organization of the venules was basically the same as that of capillaries, and their diameter was several times as large as that of red blood cells. The wall of the capillaries and venules consisted of two layers. One was a layer of endothelial cells and the other was a basement membrane in which pericytes were occasionally embedded. The endothelial cells of these vessels had relatively few plasmalemmal vesicles (Fig. 1) . The endothelial cell junction of the vessels showed a quintuple-layered membrane and was considered to be zonula occludens (Fig. 2) .
Within 180min after the intravenous injection of ferritin solution no ultrastructural changes were noticed in the capillaries and venules (Fig. 1, 2) . The concentrations of injected ferritin in the blood plasma in the capillaries and venules were relatively high even at 180min after the injection (Fig. 1, 2) . Ferritin particles were neither found in the basement membrane ( Fig. 1, 2) , nor in the inter-endothelial space of these vessels (Fig. 2) till 180min after the injection.
The plasmalemmal vesicles labeled with ferritin only rarely occurred on the luminal surface and never on the The arrows mark limited areas of membrane fusion of the apposed endothelial cells along this junction. Ferritin is seen neither within the cell junction nor in basal surface of the endothelium (Fig. 1) .
Hypertensive encephalopathy group
The most remarkable changes in the cerebral cortex of the rats with hypertensive Fig. 3 . Cerebral venule of a rat with hypertensive encephalopathy 60min after ferritin injection. Numerous ferritin particles (f) are seen in the basement membrane (bm) which focally appears edematous (*). Ferritin concentrations are essentially equal in the basement membrane and in the venular lumen (L). Plasmalemmal vesicles labeled with ferritin (arrow) are increased in number in the endothelial cell. Perivascular astrocytes (as) is swollen and rich encephalopathy were the swelling in the foot-processes of perivascular astrocytes and an increase in the number of plasmalemmal vesicles in the endothelial cells of the capillaries and venules (Fig. 3) . The Golgi apparatus was conspicuously well developed and free-ribosomes appeared increased in the endothelial cells. The concentrations of ferritin in the blood plasma were high at each time interval after the injection in comparison with the control group.
In capillaries, uptake of ferritin particles by plasmalemmal vesicles never occurred until 180min after the injection.
In venules, on the other hand, a number of ferritin particles appeared in the basement membrane 60min after the injection (Fig. 3-5) . The concentrations of ferritin appearing in the basement membrane were considerably higher and appeared to be essentially equal to those in blood plasma (Fig. 3-5) . Plasmalemmal vesicles labeled with ferritin were increased not only on the lumial but also on the basal surface of the endothelial cells of the venules.
There were no findings of ferritin entering into and passing through the inter-cellular junctions of the endothelium, ultrastructure of which appeared to be intact (Fig. 5) . The ferritin leaking into the basement membrane did not seem to penetrate into the inter-cellular clefts between the perivascular foot-processes of the swollen astrocytes.
Vesicles in the swollen astrocytes, however, were frequently labeled with ferritin particles (Fig. 5) . Fig. 4 . Junction between two endothelial cells (e1, e2) of a venule in a rat with the encephalopathy 60min after ferritin injection. At four areas along the junction (J1-4), the apposed cell In these tight junctions no ferritin particles are found. Ferritin is present in the abluminal part of the junction as well as in the basement membrane (bm). wbc White blood cell, pr Discussion Ferritin particles, when intravenously injected, are transported across the endothelium by pinocytosis, but never penetrate into the inter-cellular junction of the endothelium in such continuous capillaries as found in the skeletal muscle or the heart (BRUNS and PALADE, 1968) . In the cerebral capillaries, TANI and EVANS (1965) reported that ferritin moved across the endothelium by pinocytosis and reached the basement membrane within 3 hrs after the injection.
In contrast with the report of TANI and EVANS (1965) , the present study made in the control or uninephrectomized rats showed that ferritin particles never appeared in the basement membrane of the cerebral capillaries and venules until 180min after the injection.
Moreover, there were no findings to show transportation of ferritin by pinocytosis and passage of ferritin through the inter-cellular junctions of the endothelium.
These observations were well in accordance with those obtained from the experiments utilizing trypan blue, serum protein labeled with fluorescent dye (KLATZO et al., 1962) and peroxidase (REESE and KARNOVSKY, 1967; BRIGHTMAN et al., 1970) as a tracer.
The results, thus, indicate that under normal conditions neither inter-endothelial passage nor pinocytosis may play a significant role in the movement of macromolecules comparable in size to ferritin across the endothelium of capillaries or venules in the brain.
In the rats with hypertensive encephalopathy, however, a number of ferritin particles were found within the basement membrane of the venules 60min after the Fig. 5. Junction (arrow) between two perivascular astrocytes (as1, as2) in a rat with the encephalopathy 60min after ferritin injection. Ferritin is present in venular lumen, plasmalemmal vesicles (v1, v2) and basement membrane.
Ferritin also occurs in the small vesicles (sv1, sv2) in astrocytes, but the tracer in the basement membrane does not enter into the intercel-injection, suggesting an increased permeability in the venules.
Plasmalemmal vesicles labeled with ferritin were also increased in number in the cytoplasm of endothelial cells. As ferritin was thereby never found within the inter-cellular space of the endothelium, it seems most probable that ferritin particles moved across the endothelial cells by an increased pinocytosis.
The present result of increased permeability in the cerebral venules is contrasted to that of GIACOMELLI et al. (1970) . Hypertensive rats used by them were not always associated with the encephalopathy.
Increased permeability in cerebral arteries and arterioles in these animals occurred only in hyalinized arteries, and brain edema was focally distributed in the cerebral cortex.
These findings may suggest that hypertension of the animals used by GIACOMELLI et al. was rather milder than that in the present study. OLSSON and HOSSMAN (1970) , on the other hand, reported that in rats with severe hypertension induced for a short duration by metaraminol bitartrate intravenously injected, peroxidase appeared in the basement membrane of cerebral capillaries. Although peroxidase was detected in pinocytotic vesicles, they concluded that peroxidase leaked mainly through the endothelial cell junctions.
Besides a possible leakage of relatively smaller molecules through endothelial cell junctions, the present study may indicate that such macromolecules as ferritin moved across the endothelium of the venules by activated pinocytosis in the hypertensive animals with the encephalopathy.
The venular leakage of ferritin of a size comparable to serum proteins found in the present study may also support the observation that fluoresceinlabeled serum proteins leaked diffusely in the cerebral medulla of the rats with hypertensive encephalopathy (ONOYAMA and OMAE, 1973) .
Under physiological conditions, venules are more permeable than capillaries (ROUS et al., 1930; LANDIS, 1964) . Furthermore, in various inflammatory conditions, there was a marked increase in venular permeability (MAJNO and PALADE, 1961; COTRAN, 1967) . The venular leakage in the inflammation was ascribed to the widened inter-cellular junctions of endothelium by the splitting of attachment plaques, which could experimentally be induced by histamine or serotonine (MAJNO and PALADE, 1961) . Since ferritin particles were not found within the cell junctions in the present study, the vasoactive agents such as histamine or serotonine may not be involved in the increased permeability in the venules of hypertensive animals.
Some unknown factors elevating the pinocytotic activity in the venules may occur under the hypertensive condition.
